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PREFACE 

« 



An understanding of basic human anatomy and physiology is essential to any 
person preparing to enter, a health occupation. This instructional unit is designed 
to, introduce you to the structure* and functions of the human circulatpry 
system— Wni the interreletionshipa of the two—and to familiarize you with some of 
the terms and concepts necessary for an understanding of the circulatory system. 

This unit consists of a pretest; five rhodules with , their optional activities 
and post-tests; and a glossary of terms. ■ 

Begin thi^ modular unit by taking , the brief pretest at the front of the 
booklet* The pretJejit is for your use. only, to give you an idea of what is included 
in this unit, and to give yoO an Indication of the areas 'within the unit to which yog 
should pay special attention (perhaps by working on the optional adtivities). When 
you have compleUd the pretest, turrf to the answers in the back (page 39) to check 
your own s6ore. You will not graded dh the pretest, 

r 

Next, read through ertch of the five modules (Introduction' to the Circulatory 
System, The BloW, The Heart, Blood Vessels, and the- l^ymphatic System) and 
investigate any ot the optional activities that may be Mpfui pr interesting to 
you. The optional Wotiyitlep will help you learn more about some of the material 
presented. ' \ ' 

At the and <Jf this unit (page 37) is a glossary which provided you with brief 
definitions of many of the tern^s used in tlie modules. 

Upon complotidh of each module, you should bjs able to demonstrate an 
understanding of ttie miteriai presented, by your performance on tt3» post-test. 
When you have finished a module and feel that^you understand the information in 
that moduis, take the post-test that foUovys it. Write dgwn your answers on ONE 
piecei of paper and pass it in to your instructor, who will give you tour grade. 



/ 

. , PRETEST 

Which of the f ollowirfg Is a component of the circulatory ayatem? 

A. ^ brain 

B. lunga x ' 

C. heart 



Thb fluid that flews through the circulatory system is called 

. _• ; • 



Red blood 'Cells are also known as: 

A* monocytes. 

B* erythrocytes^ 

C. osteocytas. 

O. basophils* ^ 



Whjch of the following plays the moat important role in disease prevention? 



A. erythrocytes 

B. ^platelets 

C. plasma 

0« leukocytes 



Wh^t is the heart's one continuous mechanical function? 



Proptr dlr«ction of blood flow through) th« chambtrt of th« heart is 
maintained byt - . *. 

A. <»)ron«7 circulation. 

B. atria. 

C. artariaa* 

D. vaivttt. 



Which chamber of that heart pumps blood to the lungs? 



type of blood vessel has valves? 



A« veins 

B. arterioles 

C. capillaries 
O. arteries 



Blood leaving the left ventricle of the heart FIRST travels through which 
artery^ 



A. brachial 

8. aorta ^ 

C. carotid 

D. femoral' 



Which of the following is a part of the lymphatic system? 

A. kidneys 

B. liver - . 

C spleiMi ' 
O. intaftine 



INTRODUCTION TO .THE CIRCULATORY SYSTEM 

» • ■ 

^ 



Upon completion of this module, you should be abl^ to: 



1. Identify the major components of the circulatory system. 

2. Identify the major functiorts of the circulatory system. 
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A working system must have a way to carry materials -produced in one eurea 
to other areas where they are needed and to remove those materials after they 
have been used. For example, underneath a city |s a complex system of pipes uted 
to carry fresh water to public buildings, factories, and homes, and to remove the 
water after it has beert used. In the human body, the^ circulatory system serves 
this Yunctlon: it carries fresh, blood tb fvery part of the body and removes the 
"used" blood and the waste products of calls. However, unlike the water supplied 
to a city, which is not returned to the reservoir but is dumped elsewhere, blood is 
constantly recycled: the s^m'e blood Is used*over and over again. 

V . The major component^ of the human circulatory system are the blood, heart, 
and blood vessels' (arteries, capillaries, and ' veins). In addition, this system 
Includes the lymphatic system, which consists of lymph (a fluid closely related to 
bl<)od), the lymphatics or lymph vessels, and the lymph nodes and related organs. 

The most important function of the circulatory system is to transport 
oxygen and nutrients throughout the bod^, but the circulatory system seiwes 
ieveral 1 other functionpi it .removes the waste products of cell metabolism; it 
plays an lmp9rtant role in regulating and maintsiirting the cl^nditions necessary for 
hormal body functionsf and the circulatory system' protects the body. through blood 
clotting and defending against dise^ve. Although It is only one part of «he system, 
the blood itself performs,* idl of thes^ functions; the heart, blood veMls, and 
lymphatic system are simply, structures that help the blood perform its tasks 
properly. ^ . 



Blood makM up •bout 7% of total body walght; thut, th« volum« of blood In 
• p«r»on'» tyttam wiM with ••ch pw^on't body tizot or weight, Th» circulatory 
•yttam of a man who walght 70 kllogramt (154 pounds) contains five to six liters 
of blood. A woman of tha sama walght would hava ^lightly lass— krout fiva liters. 
Children, of course, have smaller systems and therefore a smaller vofume of blood. 




INTRbOUCTlON TO THE CIRCULAIORY SYSTEM: 

Pott-Tett 



Arteries, cepillariat, and veine are examples oft 

A. mutclea. ' 

B. blood vessels. 

C. neurons. 

O. lymph nodes. 



f 



One function of the circulatory system is to: 

A. supply oxycjen and nutrients to body tissues. . 

B. process food In the body. 

C. transmit nerve impulses from the brain. 
O. manufacture vitamins. 



Which of the following Is actually a part of the circulatory system? 



respiratory, system 
B. digestive system 
G. nervous system 

Qr Jymphitlc system „ ' * 



An important functlpn of the circulatory syst«n) l8 to: 

A. maintain >ody weight. . " 

B. break down carbohy.dr^te^ 
C« metabolize fats. 

O. fight diseases. > 



5. Orm wiy in which th« circulatory lyttvm halpt to protect the body it byj 

A. turrounding vital- organs. 

B. supporting muada tiaeua. 

C. changing fluid volumes. 
O. blood doting. 
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THE BLOOD 



Goals 



Upon completion of thi« rr^odule, you should bo able tot 



L Identify arA descrlbe^the functions of blood. 

2. Identify the components of blood. 

3. Classify the major blood groups.^ 



Th* red fluid we call blood is essential to every cell in the body. Altl4)ugh it 
appears to be a simple sUbst^mce, blood is actually made up of a variety of parts. 
The most important of these are the formed ' elements, which Include various types 
of blood cells, and the plasma, n special flUid which carries the formed elements. 
Plasma and each of the formed elements have important roles in the many 
funfctions of blood. « 



FUNCTIONS or BLOOD 



The blood's majop functions can "be divided into three categories; the first, 
and probably the most imponant« is to transport vital substances. Blood carries 
many subatanpes to and from all parts of the body. These substances are either 
dissolved or suspended in the plasma, or attached to the formed elements during 
transport. Nutrients and oxygen, which are critical to cell life, are carried to the 
cells by both the plasma and blood cellaT. Metabolid wsistes, the waste products 
produced by normal cell functions, are dissolved in the plasma and removed. 
Regulatory substances soch as hormones and enzymes are transported by the blood 
from the areas where they are produced to the areas where they exert their 
effects. 



Second, blood assists in the body's miintenance 
can be defined as the process of conistahtly mail 
necessary to normal body f^ctionihg. On^ of the w 
to maintaining homeostasis is by helping to regulate 




eostasis. 

the 



Homeostasis 

proper balances 
hich blood contributes 
body temperature: blood 
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•bsorbt h»at produced by ctlla •rid carrldt It to th« tkin and lungi wh«r« It It gWmn 
off. Blood alao halpa to maintain rwmaoatatia by controlling tha body'i acld-baae 
^•{y* F"* c«U matabolltm and othar body functlona, a cartaln balanca batwaan 
adS^rid bfaaa la tmiuiradf biood carrlaa aubatancat that> maintain tWa balance 
and ramovaa othar aubatrancaa that would upaat thla ^ balance. Alao, blood 
contrlbutaa to homaoatatia by maintaining the proper level of fluid In body tlaauaa, 
which often depends on the blood's ability to form clots to prevent excessive loaa 
of blood. 

k 

Third, blood aarves a protective functiohi disease prevention. Biood plasma 
contains antibodies that l?elp to protect the body against disease, and some blood 
cells ect specifically, to protect the body against harmful organisms such as 
bacteria. All of these . functions of the blood are vital to the body, and each 
function depends upon the special characteristics of the components of blood. 



COMPONENTS OF BLOOD 



Th^ fluid portion of the blood is plasma, which makes up sllcjhtly more than 
half the total volume of the blood. Plasma is a clear yellowish liquid (often 
described at "straw-colored") in which the formed elements are suspended. , Most 
of the plasma (90%) la made up of water. Plasma also contains various proteins, 
elements, salts, cell nutrients, and enzymes 'Whlch give It Its color and consistency 
and help the blood to maintain proper fluid and acid-base balance, as well as to 
prevent dlseaae. . . .« * 

The three formed elemen<;8 nriake up' the rest bf the blood volume (slightly 
less than half). Each of the formed elements has" an important, and distinct 
function. 

First and moat numerous of these formed elements are the erythrocytes, or 
red blood cells. A tiny droji of blodd contains about 5 million erythrocytes. The 
body forms red blood cells in the red bone marrow at an Incredible rate— roughly a 
drop of blood per^ second. Thla rapid rate of production la necestiary slnde the life 
span of a red blood cell la only about 90-120 days. The high number of 
erythrocytes indicates their Important role In blood functloni these small 
disc-shaped cells are the oxygen carriers of the circulatory system. Their red 
color (which gives blood Its color) is due to the (act that they contain hemoglobin, 
a vary Important subatanoe that Is responsible for the erythrocytes' ability to pick 
up and transport oxygen. . « 

f ' ' . 

Hemoglobin, a substance which contains Iron, helps blood to pick up oxygen 
In the lungs and carry It to ceils throughout the body. Oxygen Is needed 
constantly by every ceU-in the body. , 
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LMt numirout th*n th* •rythrdtytM ar* tht tacond of thi formf 
In blood, tht lukocvf Thare »tv«r«l typ«« of theM cslln 



formf d elements 

, , _ - cellti tome are 

produced Ih bone marrow, 'Othert are Vbrmed In the tplaenf and lymph nodei,/ 
Laukocytea are also caUad white- blood ceUa becaiMe they l^bk the hemoglobin, 
and thus the red color, of the *rVthrocyteaj bgt they have some Interesting 
characteristics and abiUtles which red.b|ood cells lack.^ 



Laukoc>it8s sre^ capable of rfiovemant ^d can travel. Independently of blood 
flow. Although they are compslritlvaly hu^ calls, leukocVtfs can travel through 
blood vessel weUs and body tiskies. - They reat5t to infection or Inflammation! 
their numbers increase if van inWtion is present in ^ body, and they are 
♦ chemicaUy attracted to the site oT^he Infection. Al^v by a process called 

gheqocytosis« leukocytes can engulf artd iSestroy mltrotcopicpartioliw which rhay 
e harmful to the body. (For this resison, ihey are also called phagocytes.) Thesep-^ 
,eblUtles are important because they ^help defend the body tgaihst disease lind 
infection. The resbl ts of this leukocyter*a^tion can be Sedrt iss the yellawish-^te 
pus that collects In an infected area; pus is a mixture of cell debris' and whit* 
blood cells. J ., > 



» y ■ • ■■ 

Platelets— the third of the formed elements— can also produce visifct^e 
results. Smaller and more numerous than leukocytes, platelets cbataii| a 
substance needed for blood clotting. When you cut yourself, the platotots ^Jou? 
blood release a substance that combines with other ij^lements of the bloSb^Wform 
fibrin* Fibril is a net of tiny fibers which forms a visible patch, or clot, over the 
cut. Xhlr-patch of fibrin is often called a "scab." Blood clotting, or hemostasis, 
prevents the circulatory system from losing too much blood through any cut^ large 
or small, in the/system. 

Figure 1 (see page 11) shows types #id relative sizes of formed elements. 



BLOOD GROUPS 



Everyone^has a certain blood. type or blood group. Plasmi and erythrocytes^ 
end the ^way they react to each other, determine eaph individual's blood type. 
Blood types are very isnportant when, for instance, a patient has lost so much 
blood that a transfusion is required. Someone would then donate blqo'd to be given 
to ^ patient, but only certain types of blood are compatible with each other. - 
V The dbnor's blood would have to be compatible with that of the patient. The 
reasons for this can be explained through a description of the erythrocyte-plasma 
reacition. 
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Blood typ«t •r^NJeterminod •ccording to two mijor syttamw tNi ABO 
•yettm and th« Rh tyltfn . " — 

.1 • - ■ ■ . 

On th» Mjrfaca of • pertoo't erythrocytM are rantiqeht which are designated 
at aithw type "A" or type 0iood. piatHna carriea antibodiea. which are 

compatible with either the A or B entigena on the erythrocytes Viind Incompetible . 
with (he opposite type. For example, If type A red blood ceUs mix with the wrong 
type of plasma* an instant reection occurs: ttjB cells clump together, or 
aqqUitinete , a condition that mal<flAi^th» blood nonfunctional. Thrf four blood types 
bsMd en this erythrocyte-plasma reaction are» A, B, >AB (the ple^me labks both 
antibodies), and O. (the erythrocytes have' neither substance A nor substance B). 
This constitutea the ABO system. 

Bloody type is also determined by the Rh System, or Rh factor, which is 
cleksified as either positive (+) q» negative (-). About 85% of the-populatipn have 
Rh antigene on their red blood cells. Th^lr blood is designated Rh positive. Blood 
without th» antigens (abbut 15% of the populetlon) is called Rh negative. 

The most common blood type of 0+, which means that the person has neither 
A nor B antibodies and has RK antigens*^ The rarest blood type is AB4 (both A and 
B antibodies are present on the erythrocytes but no Rh antigens are present). 



Optional Activities 

a View blood samples under a microsj^per Can you identify the various 
typos of cells? ^ * 

e With a blood typing kit, determine your blood type. Then try determining 
the blood type o^one of your classmates* 



e Read alxjut how the Rh factor affects child-bearing. 



\ 



e Find out stx>ut "universal donor" and "universal recipient" blood types. 



THE BLOOO • 



Pott-T«tt 



The liquid componiint of biood is calied: 



A. fibrin. 

o* Tncorstitiu Ttuici* 
D,^ cerabrospinal fluid. 



4 * » 



Leukocytos are aiso caiiedt 

t 

A. whits blood calls. 

transport cells* 
C. clotting cells. 
O. plasma ceils. 



Which of the formed eiementa playii fetio moat important role in ' biood 
clotting? - 



The moat innportant component of r«d blood ceils is: 

A. hemoglobin. 

B. glucose. 

C. plasma. i 

D. carbon dioxide. ^ 



How It mott of th« oxygen In tbm bloodttream tr«naporte(^7 
^ A. dlMolv«d In pliMma > , 

' 8. bouhd to r©d blood ctfUt , * 

C. attachad to plaUlets , 

C. carriad bywhita blood calls . 4 

♦ • ^ • •• * 

One way that bloQd halpt ta nwlntaln hQmm»^^ controlling:^ 

I » 

A. metabolism. 

8* l;wdy movements. 

C. heet prodpetlon. . 

■ body tempereture. ' / 



Substances which are produced by ail ^^celU and must be removed by the 
bloodstream are called: ^ \ * 



r 



A. hormones. 

B. acldi and basei^ 

C. clotting factors. 
O. matabolic wastes. 



V ^ - .1. 

What are two regulatory 'substances thiit are. transported by the blood? 



Which of the following is NOT transported by the bioodstream? 



' A. phagocytes 

B. , urine 

C. carbon dioxide 
O* antibodies 




Whtt art the two major blood typing systemt? 



V 



Which of the following blood types Is the most common? 

A. AB- ' ' , . t 

B. 0> \ . , • 

C. A-»- 
O. 0- 



V 



Blood types are determined by Interactlona betweem 

A*_^leukocyte« m6 Interstitial fluid. / . 

B. dotting factors and lymph. 

C. erythrocyte antigens and plasma antibodies. 

D. dissolved oxygerr and clrculatlr\g enzymes. 



\ 
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THE HEART ' 



Upon completion of thii modulet you ahbuid be able'tot 

V 

1. Identify the ^•n*»*«i chidjcteriatics of the heart. 

2. Identify and describe tijpstructures and functions of^th© heart. 

3. Describe this movements of heart action. 



The^ human heart fs a muscular- organ which is hollow and roughly 
cone^shiped, and about the size of a person's fist. Although it is only one part of 
the circulatory systim, the heart is the powerhouee that makes tha antlrft 

system function. Because it Is such an important organ, the heart is positioned in 
a weU-protactad srea.' It is protected In the front of the chest by the sternum or 
breastt>one, on the sides by the ribs, and by the spinal column in the back."'^ 



STRUCTURE OF THE HEART • 

The basic structure of the heart is simple but efficient, it is made up of 
three major layer« the pericardium , the myocardium , «id the endocardium . The 
outer layer, the pericardium, is a tough skin or sac \yhich surrognds the heart and 
serves both to protect and anchor it. The myocardium, the second layer, is the 
heart?s muacle, the dynamo of the powerhouse. This Is the layer responsible for 
the contractions that cause the heart's pumping action. The third layer, the 
indoclffdlum, forms both the smooth inner lining of the heart and the heart's 
valves. ■ 

Within tha heart are four chambers—two atyia and two ventriclaa* Th^ 
ventricles are separated by a thick wall of- tissue called. the septum . The two . 
atria, which are at the top of the heart, have thinner walls and are smaller than 
the ventricles. Eich atrium serves as a reeeiving area for blood coming from 
other parts of the body, which it then sends lni;o the ventricle below. From the ' 
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ventrid«§, whtch are l«rg«r .than the ftrla and hive thicker, more ,mu«cUl«r walie. 
Wood Is pumped through the bodylt tfhtli^ eirculitory system. 

Inside the heart, and at the origins of the two largo arteries leading fn^m the 
heart, are four one-way valves which help to maintain the proper dlrfCtion of 
^ blood flow. These valves open to permit blood to pass through, then clamp shut 
under back pressure produced by blood trying to flow the Irrong way. The right 
atrioventricular or tricuspid valve lies between the right atrium ^and the right 
ventri^leTThe left atrloventrteular valve, known as the "bicuspid or mitral valve* 
Is situated between the left at;f lum «id left ventrlcls. The oulmonTV s^mTSw 
^•^v guards the opening of the pulmonary artery and prevenb blood purnped out 
of the right ventricle from flowing back into It. Similarly, the aortic semilunar 
vjyg lies at the origin of the aorta and snaps shut to prevent the flow of blood 
bicFtnto ttw- left ^ntrtcl*. You- etmr Mir thr thappFng ^^^^^^^ valves when 

you lUten td a "heartbeat", whleh is actually the-sdund of the two sets of valves at 
work. 

>** . ' " 

Figure 2 (see page 18) shows the structure of the heart and its associated 
valves and blood vessels. - 



FUNCTIONS (DF THE HEART 

t 

The function of . the heart Is to pump blood; through the blood, oxygen and 
nutrients are carried to all bod;^ tissues, and waste products are carried away. 
Deoxyqenated blood (blood which has already delivered most of Its oxygen to the 
tiasuee of the body) enters the heart through the right atrium^ and Is pumped 
through the tricuspid valve to the right ventricle. The ventricle then contracts, 
forcing the blood through the pulmonary artery Into the lungs. Oxygen is absorbed 
by the blood In the lungs, then flpws back to the heart through the left atrium, 
(The flow of blood from the heart to the lungs and back to the heart again Is 
called pulmonary circulation. ) From the left atrium blood Is sent through' the 
bicuspid valve to the left ventricle. A powerful contraction then forces the blood, 
-ifito the aorta, where It branchei off In different dlrectiona to all parts of the 
body. . The flow of bl'dod ba^n^ pumped from the left Ventricle tb the body tissues 
end beck to the heart is called systemic circulation . 

Figure 3 (see page 19) is a schematic diagram shoeing the path of blood flow 
, through the heart, lungs, and body. ^ < 

♦ 

The heart also has Its own circulatory system, called coronary circulation . 
Two arteries, the coronary arteries, bfanph off from the base of the aorta to 
supply the h*art muscle with the biocd and nutrients that it netfds. 
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Like other mutcle tiMue, heart muscle it stimulated by electricsd impulses 
^Ich produce muscle oontrection—in this case, the contraction of the 
myocardium. Unllka other muscle tissue, . heart muscle- generates its own 
stimulatina Impiiees. Two special maeses or hod^s . of cardiac tissue, called the 
sinoatrial (SA) node, or "pactmaker,'* and the atrioventricular (AV) rfede, tend out 
Impulses that cause regular contractions of the heart. 

. •' • ' " 

Generally, the resting heart rate of a normal atKilt is 60 to ^ beats p^r 
minute. In children and infanU tha heart is smaller and beats faster. The heart 
rate also speeds up and slows down in response to changing body demands for 
. onygen and nutrients (e.g., during exercise). 

The active or contracting phase of the ventricles is called systole. . 
ConteicUgnjif tbft burst jocuwyft Qf bioftd to floV^-thcaugh-JLha, 

^ssels, which /ten be felt at cArtairi points of the body as a pulse. Diastole, the 
space or pause between pulsebeats, is the passive (relaxing or filling) pRS«of the 
ventricles. The measurement qH^lood pressure is expressed as the relationship ^of 
systolic ^pressure to dlistolic pressure and can be a valuable indication of how 
effectively the heart is functioning. 

. . ■ / ■ 

The edmblned functions of the heart's natural "pacemaker," the chambers, 
end the valves produce the regular', continuous pumping action of the heart which 
sends waves of Wood flowing throughout the body's circulatory system. 

/ ■ . ■ ■ ■ ^ . ■■ . 



Optional Activities / 

. ^ ' ■ ■ 

e Find your pulse by placing yoOr fingers against the side o^ your neck, 
wrist, or ankle and count the number of beats per minute while resting. 

e Do some exorcises end taJe your pulse rate immedlataly afterward and 
then 20 minutes Vterward. What causes the changes? 

e Use a stethoscope to listen to hearVsounds. C«n you identify which valves 
are making which somA? 

f Based* on an average of t2: beats per. minute, calculate how many times 
your heart beats^per year. * 
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THE HEART 
Poit<»Tott 



Which of the following best deicrlbes the physical appearance oi the heart? 

A. round and solid 

B* square and hollow 

C. cone-shaped and hollow 

O. triangular and solid 



Name the three major layers of the heart. 



What layer of the heart contains the heart mu^cjie? 



« 



J 

The valve t>l»tween the left atrium and left ventricle is the: 

A. bicuspid (mitral) valve; 

B. y tricuspid valve. ' 
Ci aortic semilunar v.alve. 

D. piilmonary semilunar valve* 



2J 
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Match tNi foUowlna pitrU ot tht httrt to th» corretponding letter, (^tot ell 
letter! wiU be med.) ^ 




septum 

tricuspid vtlve 
left ventricle 
right atrium" 

pulmonary semilunar valve 

J 

aprta 



puimqiiary artery 
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What «r« the names of th* four olfj^bert of the human heart? 



What is the name for the flow of blood from the hefrt. to the lungt and baek 
to the heart?-- 



The active or pumping phase of heart action is also calledt 

A. systole. 

B. deoxygenatlon. 

C. homeostasis* 
O. diastole. , 



The impulses which stimulate the heart to contract begin in the: 

A. vantricleSi^ ^ 

B. septum. t 

C. finoatrial node. 
0. velvet* 



- 1 



The flow of blood from the Vf t ventricle to all parts of the body and then 
back to the heart is known as: ^ 

A. syatemic circulation. 

B. diastolic pressure. 

C. coronary circulation. 

O. blood transport. ■ ^ • 



The normal ratting heart rate of in adult It^otweeni 

A. 2CM0(b««tt per minute'. 

B. 40-60 Beet! per minute. 

C. 60-80 beat* per minute. 
O. 80-100 beata per minute. 

/ 

V 

•r 
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BLOOD VeSSELS 



I 



Upon completion of this module, you should be able tot 



1. Identify end describe the structure* and functions of arteries, 
ciipillaries, and veins. 

2. IdehttTy the major blood vessels of the body. 



' Blood must flovr through distinct channels In' order to travel from the heart 
to the body tissues and back again. These channels are provided by a network of 
bloc^^vmels^ palled the vasfcular system , which directs tha flow of blood through 
a one-way i:lrcuit. The entire viscuiar system is structured in a way that enables 
blood to circulate throughout the body, ^nd to effect the exchange of materials, 
without escaping from the system. There are three types of blood-vessels in the 
vascular system — arteries, capillaries, and veins— and each has different functions 
tofulflU. 



ARTERIES 



Arteries function as the channels which conduct the blood from the heart to 
the tissues. Arteries are constructed in three layers, called tunicae. The inner 
layer (tunica intima) is smooth and pliant. The middle layer (tunica media) , which 
is the thickiNt layer In arteries, is made of muscular or elastic tissue. The 
elaatlclty of the middle layer enables the arteries to expand and contract to 
withstand the regular burst of blood sent out by each heartbeat. The outer layer 
(tunica adventitia) is composed of connective tissue. The smallest arteries, called 
art triolet, lack the outer tunica; because they carry or contain only small amounts 
of bloodt they require "only the two inner layers. 

Most arteries carry oxygenated blood frpm the heart to the body^ The 
oxygenated* blood then flows, from thelFmaJor arteries through the arterioles and 
into the' capillaries, whersr exchange with the body tissues takes place. 
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£xc«ptlqra to thlt wm th« pulmonary artwiMi, which carry daoxyganatad biood 
from tha haart to tha iunga for oxyganition. ^ ^ 

Tha major artariaa bagtn with tha aorta, which ttams from tha iaft vantrlda 
of tha haart and archaa upward baffra curving down through tha body. From tha 
ivch of tha aorta branch off tha carotid artariaa* which riaa through tha nack to 
•uppiy tha haad with blood (tha carotid artariaa ara a good placa to find a strong 
pulta)) tha iubclavian artariaa alao branch off from tha arch of tha arorta and thay 
in turn dlvida into tha artariaa supplying thir cliaat. Tha. arms and handa sra 
suppUad by tha axiUWy artariaa. which stam from tha subciavlans and branch into 
tha brachial artariaa in (ha arma and tha radial and ulnar artariaa in tha foraarma. 
Tha dascanding aorta pasaaa through tha chaat and abdoman|i«^hara It branchaa off 
Into tha major intamal artariaa, including tha ranal artlrias to tha Iddnaya. 
Towards tha lags, tha abdominal aorta splits into tha two iliac artariaa, which 
dascand into tha lags to bacoma tha farnoraT ^ artariaa. Thasa.in turn branch into 
tha artarial systam of tha iowar lags and tha faaL 



CAPILLARIES 

<7 

^ Artariaa dalivar blood through tha artarioias to tha microscopic, thin-waliod 
capillarias, which ara found in all of tha ^tlssuas of the body. Bacausa they havq 
such a small diamatar, tha rate of biood flow slows down conaldarably in the 
capillaries—almost to onis call at a time, this haipa tha capillarias fulfill their 
function, which is to sarva as tha area whara bloo4 supplies nutrients «id oxygen 
to body calls and removes waste 'materials. Capillary walla are extremaiy thin and 
are compoaad of one layer of smooth tissue that is only one call thlcki this allows 
tha materials to seep in and out of tha vessels. The capillarias can ba thought of 
as tha functional units of the vascular system— the vessels which serve, the 
ultimate purpose of tha entire circulatory system. 



VEINS . ' 

Biood leaving the capillaries is drained (collactad) by the venules. These are 
tiny veins which, like their counterparts the arterioles,. have only two layers; they 
(kain into larger veins, which are constructed in three layers like -the arteries. 
Unlike tha arteries, however, the middle layer of the vein walls is fairly thin; the 
thickest layer ia tha outer covering of connective tissue. larger veins have 
one-way valves at regular int'wals to keep the blood flowing toward the heart. 
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V«ioi carry tbm blopd returning f rom^tht eapillariM to tht haart. BacauM of 
tha •mall tlza of tha caplUarlaa, which hava tlowad blood flow, tha blood hat loat 
tha driving prattura It had In tha artariat, to tha valm do hot naad tha alaatli^ity 
of tha, mlddla tunica ai tha artarlaa do.. Thay do, howavpr, naad* valvat to kaap tha 
now comparatlvaly duggiah blood flowing toward tha haart. Vanout blood flow la 
aliip halpad by body movamant ai tha muiolai axart a maataglng action on tha 
valna to halp push blood back to tha haart. 

Blood ratumlng to thif'>iart through tha vaint haa loat most of Its oxygen 
through tha caplliarlat to tha body titsuat. Valnt normally, carry daoxyganatad 
blood back to tha haart,' whara it la pumpad to tha lunga* for oxyganation. 
Cxcaptioha to this ;ara tha pulmonary valna, which carry oxyganatad blood to tha 
haart from tha lunga. 

Thara ara two claaalflcatlona of valna. Tha daap valna ara found naxt to and 
namad almllarly to tha artarlaat tha aqbclavian vaina, axillary valna, ranal. Ulac, 
and famoral v^lna. and ao on. (Blood from tha haad, hdwavar, |a eollactad by tha 
jugular , valna. ) Thaaa valna drain tha aama araaa tuppUad by tha corraapondhng 
artarlaa. Tha auparflcial vaina ara clMar to the tkln than tha artarlaat In tha 
laga, thay ara tha aaphanoua vaina, and in the arms, tha cephalic and doraai vaina. 
Theae are the veina that you can see. 

The' large veins that flow into th* right atrium of the heart form the 
superior vena cava , which drains tha upper portion of the body, and the inferior 
vena cava, which draina the -abdomen and laga. Blood flowing into the heart from 
the venae cavae haa completed the circuit of the va8cula^ system. ' 

figure 4 (see page 28) shows the structure of each of the three' types of 
« blood vesaels. 
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CAFILLAHY 




CMI ttudflus 



ARTERY 
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Outtr CMt 




Mutd* Coct . 
(Tunica MtKMa) 
Thick in Artari«s 
and Thin in V«ins 



- /ji , + . . . o . ,\ . . \ .... .1 



Uning 
.(Tunica Inttma) 
of Cndothalium 
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Figurt 4. Th« Structurt of the Blood Vemls 
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Optlon«i ActivltlM 



• If you gat • chanc« to ••• blood being drawn, can you tall whathar It la 
artarial or vanoiM? How? 



Why doaa standing upright without moving tor long parioda of tima tand to 
makf paopla faint? Why doaa alavating the iagt of a paraon who haa 
faintad halp tha parson racovar? How could fainting ba pravahted by 
paopla who mutt ttM up all day? 

Uaa a diagram of tha vaaculv systam to locate tha major artartaa and 
vaina of tha body. 
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BLOOO VESSELS 



Which pf the following It NOT a part of the VMculer system? 

Be capilltri^t 
Ce lungi 
artsriM 



How meny layers mike up the welV^of the large veins and arteries? 

( 



The V9\rm imiiUy carryx 

• 

A. Intemtltlal fluid, 

B. oxygen and nutrients. 

C. cerebroapinal fluid, 

O. deoxygenated blood. I 



The exchiMige of gaae% nutrients, and wastes between the blood and the 
tissues takes place In what type of blood vessel? 

> • ■ • X 



What is tbe narhe of the vessel that carries blood from the right ventricle to 
the lunga? 
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The only vim that cwry oxvOfiaf d blood to th« heart ar* the: 

^ taphanbua vaini. 

B. tubclavlan vaint. 

C. rantl valnt. * 
O. pulmonary valnt. 




The two large veina which collect all of the blood returning to the heart and 
transport it to the right atrium are called thei 

A. venae cavae. 

a. iUacf. 

C. hepatlct. 

O, femorait. 



Which of the following collects blood returning from the head to the heart? 

A. radial arteries 

B. jugular veins 

C. carotid arteries 
CX axillary veins 
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THE LYKf>HATIC SYSTEM 



Go«lt 

Upon compltttion of thi« module, you should be able tot 

1. Identify the ttructuree of the lymphetlo system. 

2. Identify and describe the functions of the lymphatic system. 



Although not directly powered by the action of the heart, the lymphatic 
system Is a part of the body's circulatory system and la cloaely linked to It in 
several way*. Flnst, It resembles th« systemic circulatory system In that It, too. 
Is made up of a network of vessels through which a blood-like fluid flows. Also, 
the fluid within the lymphatic system, called lymph , is derived from and returns to 
the blood. c 

, - ^ 

In the beginning of the dlfcusslon of the circulatory system, we connpared it 
to the system pf pipes used to deUver water to dlfferen): parts of a city. Some 
water systems include filtering pl«it«r the water is diverted through a fUter 
where it is purified, then returned to the main system. In rei^on to the imtlre 
circulatory system, the lymphatic system acta as a filtering plant: it purlfiea the 
blood through a complex filtering process and returns it to the main circulatory 
system.- ■ 

Lymph contains everything found in blood except the erythrocytes and the 
platelets) or, ta put it another way, lymph is composed of blood plasma and 
leukpcytes. (Actually, there are slight differences between pls«m« and lymph,* 
mostly in the types and concentrations of proteins.) Plasma filtera oUt of the 
capillaries into the spaces between body cells, where It becoipes interstitial fluid. 
Some of this fluid returns to the capillaries, but most of it drains Into the 
lymphatic cipiHaries) once there, it is called ivmoh. 

Lymphatic capillaries are ideal collecting tubes (because the lymph can pass 
through them much more eaaily than through the capillaries which traneport 
blood. Because they are draining vessels rather than vessels of circulation, the 
lymphatic capillaries come to a "dead end" in the body tissues. However, they 
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drain 4nfco ivg»r lymph v«M«lt or Wmphatici. which In turn drain into ittli itpgtr 
iynriphatict. Thmm v«M«ia h«v« many valval in tham to dract tha flow of lymph 
towirdt its andt tha thoracic duct. >tha body'i largait lymphatic, which dralnt into 
tha l»ft «i4)61avian vain In tha nack. In thit way tha lymphatic lystam coUactt and 
ratuma tha lymph to tha bloodatraam. 

In' draining tiaauat, tha lymph mutt flow through small oval or roundish 
•tructurtis oaUad lymph nodaa. Tha lymph nodea ara- strung like hollow baada in 
cluatart, along tha lymphatics,- and ara found' throughout tha body. Thay ara 
aspacially rich In Whita blood caUs, which halp the lymphatic systam fulfill Its 
function in tha body* Tha body fluids, intaratitial fluid and plasma, antar tha 
lymphatic systam and fUtar through tha lymph nodes. Mare the white; blood calls 
engulf and destroy undesirable microorganisms or particles, such as bacteria, bits 
of pollution, or cancerous cellar The^ fluid (now called lymph) then drains back Into 
the circulatory system without these undesirable elements, which could cause a 
great deal of harm If circulated through the body. Thus the lymphatic system acts 
as tha collector and purifier of the ^ood. ^ . ■ 

Lymph nodes also produce leukocytes, as do other organs ^t^btby, such as 
the spleen and tbnsils. The tonsils are actually three pairs of , organs, located at 
the back of the oral and nasal cavities, they produce white blood cells which are 
sent into the lymphatics, and eventually into the bloodstream. 

The spleen Is a red, oval organ situated behind and to the left of the 
stomach. It has twa main functions: like the, tonsils, the spleen produces white 
blood cells end sends them Into circulation. It is also the place where old red 
blood cells are destroyed and removed from the bloodatraam. 



Optional Activities 



e View live amoebas under a microscope; observe how they move end how 
* they ingest thdlr food. Compaj^^ their actions to white blood cell actions. 

a Have you had your tonails removed? Find out and discuss the reasons why 
so many people have their, tonsils taken out. 

e Try t6 complete the word maze on the following page. It uses some of the 
terms t;hat you learned in this unit. ' 



/ 



4\ r... 



-34- 



WORD MAZE 

i 
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Find the following termt In thi» maze by circling the words. They mey appear 
frdhtwards dr backwlu'dt, vertically, horizontally, or diagonally. ^ 



capillary 
ctfaatole 

enodcardlum 
erythrocyte 



leukocyte 
lymph nodes 
plasma 
Rh system 



septum 
vena cava 
venule 
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THE LYMPHATIC SYSTEM 
Pott-Tett 



Lymph la compcMvd of: 

A. blood and bactarla. 

B. intsrttitiai fluid and erythrocytes. 

C. lymphatlet and capillariet. 
O. plasma and leukocytes. 



_ ^ 

The organs of the lymphatic system which .filter the lymph and destroy 
bacteria are c^ed ■ -' , 




The largast lymphatic in the^dy is the: 

' - " 

A. thoracic duct. ^ 

B. subclavian Velnr^- 

C. lymphatic capillary. 

D. thymus. 



An Important function of the lymphatic system is to» 

A. productt and concentrate proteins. 

B. return fluidi to the bl^dstream. 
C;. repair damaged capillaries. 

D. create interstitial fluid. 



-it-' 
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\ y Along with lymph nodvt, what two orgtnt of tha lymphatic tyttam produce 
whit* blood caUi? \ 



/ 
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GLOSSARY • 



ERIC 



AQO tytteln t one of the mijor blood-typing aystema. 

•c»y>y* biJancet the balance between acidt and bases within body tissues. 
antibodiaaa proteins carried in the plaama. 
antioenai protaina carried on red blood cells. 

•ortai the great artery leeding out of the left ventricle of the heart. ' 
arteriolet a smair artery. 

yteryt a large blood ^aael which carries blood away from the heart. 
attioventricular node: a maaa of conducting tissue near the base of the right 
atrium. 

atrioventrtbular velvet a valve between an atrium and a ventricle. 
etrium (pi. atria )» one of the two small, upper chambers of the heart. 

t ♦ 

bicuapid (mitral) valVe : the left atrioventricular valve. 

capillary : a microscopic blood vtfasil or lymphatic. 

coronary clrculatlow the flow of blood to and from the heart muscle. 

I i 

deoxyqenated blood: blood with most of Its oxygen removed. 
diaatole: the" relaxation phase of heart activity. 

endocardium : the inner layer of heart tissual ' 
erythrocyTe: a red blood celU 

:■ , r . ■ ■■. 

^ • • ' ■ 

formed elements: the calls and cell-like components of. blood. 

.'<t , "» 

hemoglobin: the iron-containing component of red blood cells that binds 
with oxygen. 

homebstaais: the state of normal balance of body functions. 

'. .. . , » 

■ « 

jugular veins: large yeins in the neck which drain blood from the head.^ 
leukocyte: a white blood cell. 

lymph: blood without red blood cella or platelets; the fluid of the lymphatic 

system. • , 

lymphitica: vessels which carry, ivmph. ' 

lymph nodes: maaaes of tiaaue along lymphatica which filter lymph.- 
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myocydlum : h«vt miMcU, tbm middls of th« thr«« layers of th« heart. 

pyrioardlufTtt the outer GOverir>a or membrane that aurrounda the heart. 
phioocytoeiei engulfing of partlclea by cellt. 

plaamt the Uquid portion of the blood. , 

plateletat oiSe of the formed elemental the / carry clotting f acton. 

pulmonary arterieei the veaaela that carry blood from the right ventrlcla to the 

lun^. 

pulmonary circulation! the flow of blood from the heart to the lungs and back to the 
heart. 

pulmonary velnat the vesaeU the^ carry blood from the lunge to the hear^. 
Rh systefh « one of the major blood-typing systems. 

semilunar velvet a valve at the baae of a great artery (aortic or pulmonary) of the 
heart, 

se^tumt a wall of tissue separating the ventricles. ^ , 

sinoatrial nodet a maaa of tissue which Vts as the heart's pacemaker, 
spleem ah organ of the lymphatic system, located behln^ the stomach. 
systemic circulation : the flow of blood from the heart to the body tissues an^ back 
to the heart. 

•ytole: the active or contracting phase of heart action. 

tonally organa of the lymphatic system, located on tb* sides of the throat "at the 

back of the mouth. ^ 
tricuspid velvet the right i|trlo ventricular vflve. 
tunica (pi. tunicae ): one of the layers of blood vesselv. 

vaacular tyatem t the system of blood yesaels. . . ^ 

veiro a lyqe blood vessel which carries blood toward the heart. 
venee cayiet the great veins thet carry blood to the right atrium of the 
heatrt. 

ventrlclet one of the two large, lower chambers of the heart, 
venule: a small vein. 
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ANSWERS TO THE PRETEST 



Q*J— tion Correct ^eyonte 

•» 

1 C 

* 2 blood 

3 B 

4 . ' , D 

3 pump blood (beat) 

6 Q 

7 - right ventricle 

8 . * . 'A 

9 ^ B 
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INTRODUCTION 



Thete Irwtructlontl modular uniti have been developed for the Penneylvinli 
Depirtment of Education for use |n voceUlonal edijcatlon programs. They were 
designed on the assumptid|| that a basic understanding of hujpan anatomy and 
physiology Is essential to ^y person preparing to enter a heifth care occupation 
Ml P''«ct»cal nursing, nursing assistant, medical assistant, emergency 
medical technician, or dental assistant. Each of these modular units wiU cover 
Jl!! ]"H>oftant aspects of one of the major systems of the human body. In 
the first four units the following systems will be covered: circulatory system, 
respiratory system, musculoskeletal system, and digestive system. 

This Instructor's Guide is designed to provide suggestions to you on how to 
use a modular unit most effeqUveiy in your Instruction. These recommendations, 
hpwever, do not represent the only way to use these units: you may be able to 
^vlse more beneficial ^es for the n\aterlals. 

•( 



THE MODULAR UNITS 



Each modular unit Is made-up of several components: a pretest,* four to 
seven instrucUonal modules. with corresponding post-tests, optional activities for 
the students, and a glossary of terms used In the unit. Each of. these components 
haa a yeclflc purpose and Is organized in a specific way, as will be explained in 
the following sections. 



Pretest 



After reading ^lie preface, which la simply an introduction to these 
inatructlpnal unltf, a student working through a modular unit should first take the 
pretest. Af iu name implies, this test id designed to be taken by the student 
before beginning work on the materials contained in the unit. Its purpose is 
twofoldt (i) to stimulate interest in the modular unit by giving the student a 
preview of the topics covered, and (2) to provide* a means of self-diagnosis so the 
student may Identify, based on performance on the pretest, those areas of the 



modular unit which may rtqulrf spaclal attantlon and extra affort on the part of 
tha ftudant. .Aftar talactlng an anawar to aaoh of the prataat quattlona, tha 
•tudant thould turn to tha back of tha modular unit and chack the correct 
antwerv. If tha student anawert Incorrectly on a number of questions dealing 
with a particular subject, than the student should pay cloaer attention to the 
module xxn that subject. 



Instructional Modules 



This modular unit is composed of five separate but closely related modules, 
Including: Introduction to the Circulatory System, The Blood, The Heart, Blood 
Vessels, and the Lymphatic System. Af^er taking the pretest and checking, the 
answers, the student should read through and study each of the instructional 
modules. For the student's^^benefit, each module begins with a statement of the 
goals, or objectives, that a student should have mastered upon completion of that 
particular module. The level of achjevement of these goals Is measured by the 
students performance on the corresponding post-test. The language level and 
content of each module is aimed toward the student seeking an Introduction to 
the components, structures find functions, and the basic terminology required for 
an understanding of the circulatory system. 



Optional Activities 



Following many modules are optional activities Intunded to provide the 
student with an opportunity to pursue the content of the module at a more 
In-depth level. Many of these activities may require teacher participation, at 
least in obtaining and preparing additional n^aterials for the student to utilize. 

In addition to the optional activities available to the students, you may 
choose to provide further informatldn to the students by teaching a brief unit on 
the common disorder a, of the circulatory system. Discussion of these disorders 
has not been Included in the texts because a basic .knowledge of the proper 
structure md function of the human body In a healthy Individual seems more 
appropriate for the purposes of an introductdry program. If you do choose to 
discuss common disorders, the onost effective approach may be <jpe in which you 
use disorders to illustrate what can go Wrong in the body, as a means of 
clarifying the students' understanding of how the body works when functioning 
.properly. 

You may also wish to provide students . with the names of books or articles 
as suggested readings to further their understanding of a particular area. 



After the leit of the modules In the unit Is a gloseiry. This le not Intended 
to be a comprehenalve glonery to be uaed by the student w a dictionary. 
Rather, It Includes the basic terms used In the unit which are necessary to an 
understanding of the system covered. Those words which appear In the modMlea 
and have been defined In the text are not always defined In the ^oseTary. Some 
of these particular terms have been used In the module because they are 
esaentlaK/but difficult terms needed to explain the content teught in the uhlt. 
The student should uae the glossary to review the vocabulary esaentlal to the unit 
before taking the post-tests. 



Post-Tests ^ 

> 

The po8t-te3t^ are the final assessnaent , of a student's understanding of the 
material presented In each module. They consist of multiple-choice and , 
open-ended questions designed to measure a student's mastery of the goals 
(objectives) stated at the beginning of each module. Each of the questions has 
been written to measure an aspect of the skills and/ or knowledge that a student 
may be expected to acquire as a result of working through a particular module. 
When e student has finished studying a module, has pursued any chosen optional 
activities, and has reviewed the vocabulary In the glossary, the student ^should 
take the post-test that foljlows l^he module. 



SCORING THE POST-TESTS 



As previously mentioned, the purpose of the post-teats is to measure 
whether or not a student has mastered the objectives (goaW) stated at the 
beginning of each module. Due to the differing lengths of the post-tests, the 
variety of ways in which teachers may -Cfiodso to utilize these modules, and 
discrepancies among students' previous expoaureXto the subject matter. It Is not 
' practical to set a, standard cut-off score On each 6f the tests that would indicate 
maatery of the objectives. Rather, teachers are asked to use th^r professional 
judgment In Individual cases to determine if a student's performance on a 
poat-teat Indicates that he or she has mastered the objectives stated for that 
module. In muklng this determination, you should consider at least all of the 
following factorsi 



(1) 



How long it ©ach ^oit-tett? 



(2) How much Information la Included In each module and how complex is 
the information, relative to other modules? 



(3) 



(4) 



K*? '^'tu^"^^" expoaed to the l<lnd of currlcular material 
before? That is, haa the student been taught the baaics of this system 
of the body before? . 

Should the entire class be required to achieve a certain score in order 
to pass, or should each student be considered individually? (Thia' 
defljends on how and with whom you use-this module as instructional^ 
material.) 



(5) Should the student be graded pass/ fail on each post-test-i.e., on 
mastery of each module—or on the unit as a whole? 



To 'eci tate the scoring of post-tests, each student will record his or her 
answers to aU the post-tests on one separate sheet of paper. You should mflrk 
each answer correct or Incorrect, then give the student a "pass" or "fail" on each 
module, or on the unit as a whole. 

Beca«ea.,^th^ubject matter, responses to open-ended questions may vary 
slightly from listed below, but these reeponaes may also be acceptable. 

Again, in these cases instructors are asked 'to me their professional judgment to 
determine if a response is correct. 

Use the following list of answers to questions on the post-tests to grade 
your students' papers. , 



1 
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ANSWERS TO THE CIRCULATORY SYSTEM POST-TflSTS 



Modtile/Quattton 



Correct Retponie 



Introduction to the 
Circulatory System: 

1 
2 
3 
4 
5 



0 

A 
0 
D 
D 



The Blood: 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 



C 
A 

platelets 

A 

B 

D 

D 

hormones, enzymes 
B 

ABO, Rh 
B 

C 



i 

The Heart: 
1 



pericardium, myocardl 
endocardium 

myocardium 
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ModuWQu#iition 



4 

5 



CoiTf ct Retponw 

A 

K — septum 
C — tricutpid valve 
O — left ventricle 
B — right atrium 
A — pulmonary semilunar valve 

E — aorta 

F — pulmonary artery 

left atrium, right atrium, . 
left ventricle, right ventricle 

pulmonary circulation 



8 
9 
10 
11 



A 
C 
A 

C 



Blood Vessels: 

1 
2 
3 
4 
5 
6 
7 

8 . 



C 

three 

D 

capillaries 

pulmonary artery 

D 

A 

B 



The Lymphatrc^stemj 



2 
3 
4 
5 




(lymph) nodes' 

A 

B 

tonsils, spleen 
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